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SEMICONDUCTOR DEVICE HAVING MOS 
VARACTOR AND METHODS FOR FABRICATING 

THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to semicon 
ductor devices and methods for fabricating the same. More 
particularly, the present invention generally relates to semi 
conductor devices having a metal-oxide semiconductor 
(MOS) varactor and methods for fabricating the same. 

[0003] A claim for priority is made to Korean Patent 
Application No. 2004-9380, ?led Feb. 12, 2004, the contents 
of Which are hereby incorporated by reference in their 
entirety 
[0004] 2. Description of the Related Art 

[0005] A varactor is a voltage-variable capacitor used in 
analog integrated circuit such as a voltage controlled oscil 
lator (VCO) Which is one of the most important circuit 
blocks for radio frequency (RF) front-end. The varactor 
requires a Wide tuning range and a high Q value. 

[0006] The varactor integrated in a semiconductor device 
is generally a junction varactor or a MOS varactor. The 
tuning range in a junction varactor is usually narroWer than 
that of a MOS varactor and does not improve preferably as 
a CMOS device scales doWn. Hence, as semiconductor 
devices become highly integrated, the MOS varactor is more 
likely becoming a choice in a high frequency integrated 
circuit. 

[0007] US. Pat. No. 5,038,184 discloses a conventional 
method of fabricating a MOS varactor. 

[0008] Generally, the MOS varactor includes an active 
semiconductor layer and a gate electrode. Acapacitor dielec 
tric layer is interposed betWeen the active semiconductor 
layer and the gate electrode. Therefore, When voltage is 
applied to the gate electrode, electrical charge accumulates 
on or depletes from the active semiconductor layer, and 
accordingly varies the capacitance of the varactor. In case of 
an accumulation mode MOS varactor, as electrical charge 
accumulates in the active semiconductor layer, the varactor 
reaches a maximum capacitance “CmaX”. As electrical 
charge is fully depleted from the active semiconductor layer, 
the varactor reaches a minimum capacitance “Cmin”. The 
ratio of “CmaX” to “Cmin” determines the tuning range. 

[0009] The conventional varactor generally employs poly 
silicon as a gate electrode. Therefore, as electrical charge 
accumulates in the active semiconductor layer, poly deple 
tion occurs in the gate electrode. The poly depletion in the 
gate electrode loWers the value of “CmaX”, Which decreases 
the tuning range of the varactor. To increase the tuning range 
of the varactor, the poly depletion must be suppressed in the 
gate electrode. 

[0010] In addition, semiconductor integrated circuits 
require various resistors. In particular, a high frequency 
integrated circuit requires a reliable metal resistor. The metal 
resistor is fabricated by forming and patterning a metal ?lm. 
A photomask is required to pattern the metal ?lm. The use 
of an additional photomask increases the manufacturing cost 
of the semiconductor device. 
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SUMMARY OF THE INVENTION 

[0011] In one embodiment, the invention is directed to a 
semiconductor device. The semiconductor device includes a 
semiconductor substrate, a MOS varactor having a metal 
gate electrode provided on the semiconductor substrate, an 
active semiconductor plate interposed betWeen the metal 
gate electrode and the semiconductor substrate, and a 
capacitor dielectric layer interposed betWeen the metal gate 
electrode and the active semiconductor plate, a metal resistor 
disposed on the same plane as the metal gate electrode and 
being of a same material as the metal gate electrode, and a 
loWer insulating layer insulating the MOS varactor from the 
semiconductor substrate. 

[0012] One embodiment of a method for manufacturing a 
semiconductor device according to the present invention 
includes forming a lightly doped semiconductor layer on the 
loWer insulating layer, sequentially forming a dielectric 
layer and a metal layer on the lightly doped semiconductor 
layer, forming a metal gate electrode, a capacitor dielectric 
layer, and an active semiconductor plate having eXtended 
portions by patterning the metal layer, the dielectric layer, 
and the lightly doped semiconductor layer Within a ?rst 
region of the loWer insulating layer, forming a metal resistor 
on the same plane as the metal gate electrode by patterning 
the metal layer Within a second region of the loWer insulat 
ing layer at the same time the metal layer, the dielectric 
layer, and the lightly doped semiconductor layer Within the 
?rst region of the loWer insulating layer are patterned, and 
forming highly doped regions Within the active semicon 
ductor plate by implanting impurity ions into the active 
semiconductor plate, using the metal gate electrode as an ion 
implantation mask. 

[0013] Another embodiment of a method for manufactur 
ing a semiconductor device according to the present inven 
tion includes forming a loWer insulating layer on a semi 
conductor substrate, forming a lightly doped semiconductor 
layer on the loWer insulating layer, forming an active semi 
conductor plate by patterning the lightly doped semiconduc 
tor layer Within a ?rst region of the loWer insulating layer, 
sequentially forming a dielectric layer and a metal layer on 
the semiconductor substrate having the active semiconduc 
tor plate, forming a metal gate electrode on the active 
semiconductor plate by sequentially patterning the dielectric 
layer and the metal layer Within the ?rst region of the loWer 
insulating layer, forming a semiconductor resistor by pat 
terning the lightly doped semiconductor layer Within a 
second region of the loWer insulating layer at the same time 
the lightly doped semiconductor layer Within the ?rst region 
of the loWer insulating layer are pattern, forming a metal 
resistor on the semiconductor resistor by sequentially pat 
terning the metal layer and the dielectric layer Within the 
second region of the loWer insulating layer at the same time 
sequentially patterning the metal layer and the dielectric 
layer Within the ?rst region of the loWer insulating layer, and 
forming highly doped regions Within the active semicon 
ductor plate by implanting impurity ions into the active 
semiconductor plate, using the metal gate electrode as an ion 
implantation mask. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Aspects of the invention Will be apparent from the 
description of the embodiments of the invention, and as 
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illustrated in the accompanying drawings. The drawings are 
not necessarily to scale, emphasis instead being placed upon 
illustrating the principles of the invention. 

[0015] FIG. 1 is a layout vieW of a semiconductor device 
having a MOS varactor according to an embodiment of the 
present invention. 

[0016] FIGS. 2 through 7 are cross-sectional vieWs taken 
along line I-I of FIG. 1 to illustrate a method of fabricating 
a semiconductor device according to the embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] The present invention Will noW be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which exemplary embodiments of the invention are 
shoWn. It Will be understood that When an element such as 
a layer, a region or a substrate is referred to as being “on” 
or “onto” another element, it can be directly on the other 
element or intervening elements may also be present. 

[0018] A semiconductor device according to an embodi 
ment of the present invention Will be described in detail. 

[0019] In the draWings, “A” indicates a ?rst region on a 
semiconductor substrate 21, and “B” indicates a second 
region on semiconductor substrate 21. 

[0020] Referring to FIGS. 1 and 7, a MOS varactor is 
formed in ?rst region “A”. The MOS varactor includes a 
metal gate electrode 29a provided on semiconductor sub 
strate 21, an active semiconductor plate 25a interposed 
betWeen metal gate electrode 29a and semiconductor sub 
strate 21, and a capacitor dielectric layer 27a interposed 
betWeen metal gate electrode 29a and active semiconductor 
plate 25a. Further, a loWer insulating layer 23 is interposed 
betWeen active semiconductor plate 25a and semiconductor 
substrate 21 to insulate the MOS varactor from semicon 
ductor substrate 21. 

[0021] Metal gate electrode 29a is a metal layer of tita 
nium (Ti), tantalum nitride (TaN), titanium nitride (TiN), or 
tungsten Further, metal gate electrode 29a is in contact 
With capacitor dielectric layer 27a. 

[0022] Capacitor dielectric layer 27a is formed of silicon 
dioxide (SiOZ), but may also be formed of any other high-k 
dielectric material such as silicon nitride (SiN). The higher 
the dielectric constant of capacitor dielectric layer 27a, the 
Wider the tuning range of the MOS varactor. Metal gate 
electrode 29a and capacitor dielectric layer 27a are aligned 
With each other. 

[0023] Active semiconductor plate 25a includes extended 
portions. Here, “extended portions” means the portions of 
active semiconductor plate 25a extending aWay from the 
alignment of the metal gate electrode 27a and capacitor 
dielectric layer 27a. In other Words, the length of the active 
semiconductor plate is longer than the capacitor dielectric 
layer 27a and metal gate electrode 29a. Therefore, high 
concentrations of impurities are implanted in the extended 
portions to form a ground electrode. In addition, active 
semiconductor plate 25a includes lightly doped region 24l 
and highly doped regions 24h. Highly doped regions 24h is 
preferably used as the ground electrodes for active semi 
conductor plate 25a. 
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[0024] LoWer insulating layer 23 is provided on semicon 
ductor substrate 21. That is, loWer insulating layer 23 is 
formed by depositing an insulating layer on semiconductor 
substrate 21. An oxidation process or a shalloW trench 
isolation (STI) process may be used in the formation of the 
insulating layer. Lower insulating layer 23 formed by the 
oxidation or the STI process is generally referred to as a ?eld 
oxide layer. Preferably, loWer insulating layer 23 is a ?eld 
oxide layer formed by the STI process. 

[0025] A metal resistor 29b is provided on second region 
“B” of semiconductor substrate 21. Metal resistor 29b is 
provided on the same plane as metal gate electrode 29a. 
Further, metal resistor 29b is made of the same material as 
metal gate electrode 29a. 

[0026] A semiconductor resistor 25b is interposed 
betWeen metal resistor 29b and semiconductor substrate 21. 
Semiconductor resistor 25b is provided on the same plane as 
active semiconductor plate 25a. Semiconductor resistor 25b 
also includes extended portions, Which extend beyond metal 
resistor 29b. Semiconductor resistor 25b also includes 
lightly doped region 26l and highly doped regions 26h. 
Highly doped regions 26h are preferably used as electrodes 
for semiconductor resistor 25b. 

[0027] A patterned dielectric layer 27b is interposed 
betWeen metal resistor 29b and semiconductor resistor 25b. 
Patterned dielectric layer 27b is made of the same material 
as capacitor dielectric layer 27a. 

[0028] First spacers 31a cover sideWalls of metal gate 
electrode 29a and capacitor dielectric layer 27a. First spac 
ers 31a also cover sideWalls of metal resistor 29b and 
patterned dielectric layer 27b. Further, second spacers 31b 
cover sideWalls of active semiconductor plate 25a and 
semiconductor resistor 25b. 

[0029] Self-aligned silicide layers (or salicide layers) 33 
are provided on the extension portions of active semicon 
ductor plate 25a and semiconductor resistor 25b. Metal 
interconnection lines 41 are disposed above metal gate 
electrode 29a and extension portions of active semiconduc 
tor plate 25a. Metal interconnection lines 41 are disposed 
across both sides of metal resistor 29b and semiconductor 
resistor 25b. Here, metal interconnection lines 41 are elec 
trically connected to salicide layers 33, metal gate electrode 
29a, and metal resistor 29b through a plurality of via holes 
37. To increase the Q value of a MOS varactor, the plurality 
of via holes 37 are preferably used to electrically connect 
metal gate electrode 29a With metal interconnection line 41. 

[0030] Spaces betWeen metal interconnection line 41 and 
the plurality of via holes 37 are ?lled With an interlayer 
insulating layer 35 and an upper insulating layer 39. 

[0031] Accordingly, a metal gate electrode is used to form 
the varactor, Which prevents poly depletion. Further, the 
metal resistor is formed at the same time the metal gate 
electrode is formed, Which integrates a reliable metal resistor 
in a semiconductor device Without the need of an additional 
photomask. 

[0032] A method of fabricating a semiconductor device 
according to an embodiment of the present invention Will 
noW be described. 

[0033] Referring to FIGS. 1 and 2, a loWer insulating 
layer 23 is formed on a semiconductor substrate 21. Lower 
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insulating layer 23 is formed by depositing an insulating 
material on semiconductor substrate 21. Alternatively, loWer 
insulating layer 23 is formed by a STI process. That is, 
semiconductor substrate 21 is patterned to form a trench. An 
insulating layer ?lls the trench, and the insulating layer is 
planariZed to form loWer insulating layer 23. 

[0034] Referring to FIGS. 1 and 3, lightly doped layer 25 
is formed on loWer insulating layer 23. Lightly doped layer 
25 is preferably lightly doped silicon layer. For example, a 
silicon layer is formed on loWer insulating layer 23, and then 
loW concentration of impurities is implanted into the silicon 
layer by an ion implantation process to form a lightly doped 
silicon layer. Preferably, the silicon layer is a poly silicon 
layer. 

[0035] A dielectric layer 27 and a metal layer 29 are 
sequentially formed on lightly doped layer 25. Dielectric 
layer 27 is formed of silicon dioxide (SiOZ), or may be 
formed of any other high-k dielectric material such as silicon 
nitride (SiN). Dielectric layer 27 is preferably formed of a 
stacked layer of silicon dioxide and silicon nitride. 

[0036] Metal layer 29 is formed of metal nitride such as a 
tantalum nitride (TaN) or a titanium nitride (TiN), or a metal 
having a high melting point such as tungsten Metal 
layer 29 is preferably formed of a stacked layer of Ti and 
TiN. 

[0037] Referring to FIGS. 1 and 4, metal layer 29, dielec 
tric layer 27, and lightly doped layer 25 are patterned Within 
?rst region “A” to form a metal gate electrode 29a, a 
capacitor dielectric layer 27a, and an active semiconductor 
plate 25a having extended portions. 

[0038] In detail, metal layer 29, dielectric layer 27, and 
lightly doped layer 25 are patterned as folloWs. 

[0039] Metal layer 29 and dielectric layer 27 Within ?rst 
region “A” are sequentially patterned using a photolithog 
raphy process and an etching process to form metal gate 
electrode 29a and capacitor dielectric layer 27a. At the same 
time, metal layer 29 Within second region “B” is patterned 
to form a metal resistor 29b and a patterned dielectric layer 
27b. Thereafter, lightly doped layer 25 is patterned by a 
photolithography process and an etching process to form an 
active semiconductor plate 25a and a semiconductor resistor 
25b. 

[0040] Alternatively, metal layer 29, dielectric layer 27, 
and lightly doped semiconductor layer 25 are continuously 
patterned using sequential photolithography and etching 
processes to form active semiconductor plate 25a. In one 
embodiment, metal layer 29 and dielectric layer 27 in second 
region “B” are simultaneously formed and patterned. That 
is, patterned metal layer 29 and patterned dielectric layer 27 
may be patterned using sequential photolithography and 
etching processes to form metal gate electrode 29a and 
capacitor dielectric layer 27a. Further, metal layer 29, 
dielectric layer 27, and lightly doped semiconductor layer 25 
Within second region “B” are patterned in the same manner. 
On the other hand, if semiconductor resistor 25b is not 
required, the process of continuously patterning metal layer 
29, dielectric layer 27, and lightly doped semiconductor 
layer 25 Within second region “B” may be omitted. 

[0041] Active semiconductor plate 25a and semiconductor 
resistor 25b may be formed prior to the formation of 
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dielectric layer 27. That is, after forming lightly doped 
semiconductor layer 25, lightly doped semiconductor layer 
25 is patterned by a photolithography process and an etching 
process to form active semiconductor plate 25a and semi 
conductor resistor 25b. Then, dielectric layer 27 and metal 
layer 29 are sequentially formed. Then, metal layer 29 and 
dielectric layer 27 are sequentially patterned to form metal 
gate electrode 29a and capacitor dielectric layer 27a. At the 
same time, metal resistor 29b and patterned dielectric layer 
27b may be formed. 

[0042] Referring to FIGS. 1 and 5, a spacer insulating 
layer (not shoWn) is formed on metal gate electrode 29a, 
active semiconductor plate 25a, metal resistor 29b, and 
patterned dielectric layer 27b. The spacer insulating layer 
may be of silicon nitride, or a stacked layer of silicon oxide 
and silicon nitride. The spacer insulating layer is etched to 
form ?rst spacers 31a covering sideWalls of metal gate 
electrode 29a and capacitor dielectric layer 27a. Also, While 
?rst spacers 31a are formed, second spacers 31b are formed 
to cover sideWalls of active semiconductor plate 25a and 
semiconductor resistor 25b. 

[0043] Impurity ions are implanted into active semicon 
ductor plate 25a and semiconductor resistor 25b, using 
spacers 31a, metal gate electrode 29a, and metal resistor 29b 
as an ion implantation mask to form highly doped regions 
24h, 26h. As highly doped regions 24h, 26h are formed, 
lightly doped regions 24l, 26l are formed under metal gate 
electrode 29a and metal resistor 29b, respectively. Highly 
doped regions 24h formed Within active semiconductor plate 
25a are preferably used as a ground electrode. 

[0044] Highly doped regions 24h, 26h are preferably 
doped With the same type of impurities as those of lightly 
doped regions 24l, 26l. That is, in the case Where lightly 
doped regions 24l, 26l are doped With N-type impurities, 
highly doped regions 24h, 26h are also doped With N-type 
impurities. Oppositely, in the case Where lightly doped 
regions 24l, 26l are doped With P-type impurities, highly 
doped regions 24h, 26h are also doped With P-type impu 
rities. 

[0045] Referring to FIGS. 1 and 6, a metal layer of nickel 
(Ni), cobalt (Co), or titanium (Ti) is formed on highly doped 
regions 24h, 26h. Then, the metal layer is subjected to heat 
treatment to form salicide layers 33. Salicide layers 33 are 
self-aligned on highly doped regions 24h, 26h. After form 
ing salicide layers 33, any remaining residual metal layer is 
removed. 

[0046] Referring to FIGS. 1 and 7, an interlayer insulat 
ing layer 35 is formed on salicide layers 33. Interlayer 
insulating layer 35 is preferably silicon dioxide (SiO2) or 
some other loW-k dielectric material. 

[0047] Interlayer insulating layer 35 is patterned to form a 
plurality of via holes 37 to expose salicide layers 33, metal 
gate electrode 29a, and metal resistor 29b. Then, a metal 
layer ?lls the plurality of via holes 37. Then, the metal layer 
is planariZed to expose the top surface of interlayer insulat 
ing layer. Here, metal layer is planariZed by a blanket 
etching or a chemical mechanical planariZation (CMP) pro 
cess. 

[0048] An upper metal layer is formed on the plurality via 
holes 37, and patterned to form metal interconnection lines 
41 over via holes 37. Metal interconnection line 41 electri 
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cally connected to metal gate electrode 29a is used as a 
signal line. In addition, an upper insulating layer 39 is 
formed on semiconductor substrate having metal intercon 
nection lines 41 and then planariZed to ?ll spaces betWeen 
metal interconnection lines 41. 

[0049] Here, metal interconnection lines 41 are preferably 
formed by a damascene process. That is, upper insulating 
layer 39 is formed on semiconductor substrate having the 
plurality of via holes 37. Then, upper insulating layer 39 is 
patterned to form grooves above the plurality of via holes 
37. Thereafter, grooves are ?lled With an upper conductive 
layer, and then the upper conductive layer is planariZed to 
form metal interconnection lines 41 in the grooves. 

[0050] Further, the plurality of via holes 37 and metal 
interconnection lines 41 are also preferably formed by a 
dual-damascene process. That is, upper insulating layer 39 is 
formed on interlayer insulating layer 35. Then, interlayer 
insulating layer 35 and upper insulating layer 39 are pat 
terned to form via holes through Which salicide layers 33, 
gate electrode 29a, and metal resistor 29b are eXposed to 
form the grooves crossing above the via holes. Thereafter, 
the via holes and the grooves are ?lled With an upper metal 
layer, and then the upper metal layer is planariZed to form 
via holes 37 and metal interconnection lines 41. 

[0051] Exemplary embodiments of the present invention 
have been disclosed herein and, although speci?c terms are 
employed, they are used and are to be interpreted in a 
generic and descriptive sense only and not for purpose of 
limitation. Accordingly, it Will be understood by those of 
ordinary skill in the art that various changes in form and 
details may be made Without departing from the scope of the 
present invention as set forth in the folloWing claims. 

What is claimed is: 
1. A semiconductor device, comprising: 

a semiconductor substrate; 

a MOS varactor having a metal gate electrode provided on 
the semiconductor substrate, an active semiconductor 
plate interposed betWeen the metal gate electrode and 
the semiconductor substrate, and a capacitor dielectric 
layer interposed betWeen the metal gate electrode and 
the active semiconductor plate; 

a metal resistor disposed on the same plane as the metal 
gate electrode and being of a same material as the metal 
gate electrode; and 

a loWer insulating layer insulating the MOS varactor from 
the semiconductor substrate. 

2. The semiconductor device as claimed in claim 1, 
Wherein the metal gate electrode is in contact With the 
capacitor dielectric layer, and Wherein the metal gate elec 
trode is formed of a metal selected from a group consisting 
of titanium (Ti), tantalum nitride (TaN), titanium nitride 
(TiN), and tungsten 

3. The semiconductor device as claimed in claim 1, 
further comprising a semiconductor resistor interposed 
betWeen the metal resistor and the semiconductor substrate, 
and disposed on the same plane as the active semiconductor 
plate. 

4. The semiconductor device as claimed in claim 1, 
Wherein the active semiconductor plate comprises eXtended 
portions. 

Aug. 18, 2005 

5. The semiconductor device as claimed in claim 4, 
Wherein the active semiconductor plate comprises a lightly 
doped region and a highly doped region. 

6. The semiconductor device as claimed in claim 4, 
Wherein the MOS varactor further comprises salicide layers 
formed on the eXtended portions. 

7. The semiconductor device as claimed in claim 6, 
further comprising: 

metal interconnection lines disposed on the metal gate 
electrode and the eXtended portions; and 

a plurality of via holes electrically connecting the metal 
gate electrode and the salicide layers With the metal 
interconnection lines. 

8. The semiconductor device as claimed in claim 1, 
Wherein the loWer insulating layer is a ?eld oXide layer 
formed on the semiconductor substrate. 

9. A method for fabricating a semiconductor device, the 
method comprising: 

forming a loWer insulating layer on a semiconductor 
substrate; 

forming a lightly doped semiconductor layer on the loWer 
insulating layer; 

sequentially forming a dielectric layer and a metal layer 
on the lightly doped semiconductor layer; 

forming a metal gate electrode, a capacitor dielectric 
layer, and an active semiconductor plate having 
extended portions by patterning the metal layer, the 
dielectric layer, and the lightly doped semiconductor 
layer Within a ?rst region of the loWer insulating layer; 

forming a metal resistor on the same plane as the metal 
gate electrode by patterning the metal layer Within a 
second region of the loWer insulating layer at the same 
time the metal layer, the dielectric layer, and the lightly 
doped semiconductor layer Within the ?rst region of the 
loWer insulating layer are patterned; and 

forming highly doped regions Within the active semicon 
ductor plate by implanting impurity ions into the active 
semiconductor plate, using the metal gate electrode as 
an ion implantation mask. 

10. The method as claimed in claim 9, further comprising 
forming a semiconductor resistor by patterning the dielectric 
layer and the lightly doped semiconductor layer Within the 
second region of the loWer insulating layer While patterning 
the metal layer, the dielectric layer, and the lightly doped 
semiconductor layer Within the ?rst region of the loWer 
insulating layer. 

11. The method as claimed in claim 10, further comprising 
forming the highly doped regions Within the semiconductor 
resistor by implanting impurity ions into the semiconductor 
resistor, using the metal resistor as an ion implantation mask, 
at the same time the impurity ions are being implanted into 
the active semiconductor plate, using the metal gate elec 
trode as the ion implantation mask. 

12. The method as claimed in claim 9, Wherein the metal 
layer is formed from a metal selected from a group consist 
ing of titanium (Ti), tantalum nitride (TaN), titanium nitride 
(TiN) layer, and tungsten 

13. The method as claimed in claim 11, further compris 
ing forming salicide layers on the highly doped regions of 
the active semiconductor plate and the semiconductor resis 
tor, respectively. 
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14. The method as claimed in claim 13, further compris 
ing: 

forming an interlayer insulating layer on the salicide 
layers; 

patterning the interlayer insulating layers to form a plu 
rality of via holes to expose the salicide layers, the gate 
electrode, and the metal resistor; 

?lling the plurality of via holes; and 

forming metal interconnection lines on the plurality of via 
holes. 

15. The method as claimed in claim 11, further compris 
ing forming spacers covering sideWalls of the metal gate 
electrode and the metal resistor before implanting the impu 
rity ions. 

16. The method of claimed in claim 14, Wherein the metal 
interconnection lines are formed by a damascene process. 

17. The method of claimed in claim 14, Wherein the metal 
interconnection lines and plurality of via holes are formed 
by a dual-damascene process. 

18. A method of fabricating a semiconductor device, the 
method comprising: 

forming a loWer insulating layer on a semiconductor 
substrate; 

forming a lightly doped semiconductor layer on the loWer 
insulating layer; 

forming an active semiconductor plate by patterning the 
lightly doped semiconductor layer Within a ?rst region 
of the loWer insulating layer; 

sequentially forming a dielectric layer and a metal layer 
on the semiconductor substrate having the active semi 
conductor plate; 

forming a metal gate electrode on the active semiconduc 
tor plate by sequentially patterning the dielectric layer 
and the metal layer Within the ?rst region of the loWer 
insulating layer; 

forming a semiconductor resistor by patterning the lightly 
doped semiconductor layer Within a second region of 
the loWer insulating layer at the same time the lightly 
doped semiconductor layer Within the ?rst region of the 
loWer insulating layer are pattern; 

forming a metal resistor on the semiconductor resistor by 
sequentially patterning the metal layer and the dielec 
tric layer Within the second region of the loWer insu 
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lating layer at the same time sequentially patterning the 
metal layer and the dielectric layer Within the ?rst 
region of the loWer insulating layer; and 

forming highly doped regions Within the active semicon 
ductor plate by implanting impurity ions into the active 
semiconductor plate, using the metal gate electrode as 
an ion implantation mask. 

19. The method as claimed in claim 18, Wherein the metal 
layer is formed of a metal selected from a group consisting 
of titanium (Ti), tantalum nitride (TaN), titanium nitride 
(TiN), and tungsten 

20. The method as claimed in claim 18, further compris 
ing forming a semiconductor resistor by patterning the 
dielectric layer and the lightly doped semiconductor layer 
Within the second region of the loWer insulating layer While 
patterning the metal layer, the dielectric layer, and the lightly 
doped semiconductor layer Within the ?rst region of the 
loWer insulating layer. 

21. The method as claimed in claim 18, further compris 
ing forming the highly doped regions Within the semicon 
ductor resistor by implanting impurity ions into the semi 
conductor resistor, using the metal resistor as an ion 
implantation mask, at the same time the impurity ions are 
being implanted into the active semiconductor plate, using 
the metal gate electrode as the ion implantation mask. 

23. The method as claimed in claim 21, further compris 
ing forming salicide layers on the highly doped regions of 
the active semiconductor plate and the semiconductor resis 
tor, respectively. 

24. The method as claimed in claim 22, further compris 
mg: 

forming an interlayer insulating layer on the salicide 
layers; 

patterning the interlayer insulating layers to form a plu 
rality of via holes to eXpose the salicide layers, the gate 
electrode, and the metal resistor; 

?lling the plurality of via holes; and 

forming metal interconnection lines on the plurality of via 
holes. 

25. The method as claimed in claim 18, further compris 
ing forming spacers covering sideWalls of the metal gate 
electrode and the metal resistor before implanting the impu 
rity ions. 


